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Abstract  
We present the structure and first results of the "Thales" project on site classifica-
tion in Greece. The aim of the project is twofold: to develop and present a method-
ology for the characterization and classification of site conditions based on their 
geological, geomorphological and geophysical characteristics and to apply the pro-
posed methodology to case studies in Greece, including the urban areas of Xanthi, 
Edessa and Grevena. In particular, the units described on a surficial geological map 
will be correlated to shear-wave velocity data, corresponding to the upper 30m 
(Vs30) of the soil column, aiming to produce first order maps to help practitioners 
and provide the tools to realistically predict ground motions triggered by an earth-
quake. The classification will be based on information provided by borehole logs, 
where velocity profiles were measured and will be validated using the three case 
studies. The outcome of the project will be usable by national agencies and decision 
makers for urban planning. 
Key words: site characterization, surface geology, earthquake, Vs30. 
Περίληψη 
Αντικείµενο της παρούσας εργασίας είναι η παρουσίαση των βασικών ερευνητικών 
στόχων και των πρώτων αποτελεσμάτων του προγράμματος «Θαλής» για την ταξινό-
μηση των εδαφικών συνθηκών στον ελλαδικό χώρο. Οι κύριες ερευνητικές κατευθύν-
σεις του προγράμματος είναι α) η ανάπτυξη µεθοδολογίας για τον χαρακτηρισµό και 
την ταξινόµηση των εδαφικών συνθηκών µε βάση τα γεωλογικά, γεωµορφολογικά και 
γεωφυσικά χαρακτηριστικά τους και β) η πιλοτική εφαρµογή των αποτελεσµάτων για 
την ανάλυση και πρόβλεψη των σεισµικών κινήσεων σε αστικά κέντρα στην Ελλάδα 
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όπως α) στην πόλη της Έδεσσας, β) στην πόλη της Ξάνθης, και γ) στην πόλη των Γρε-
βενών. Η έρευνα βασίζεται στη συσχέτιση των διαφορετικών γεωλογικών σχηματι-
σμών µε την ταχύτητα των εγκαρσίων (διατμητικών) σεισμικών κυμάτων σε βάθη έως 
30m, Vs30, χρησιμοποιώντας ως ενδιάμεσο κρίκο γεωτεχνικές παραμέτρους. Η παρα-
πάνω µεθοδολογία πρόκειται να χρησιµοποιηθεί για την καλύτερη χωρική αποτίµηση 
των σεισµικών εδαφικών κινήσεων από έναν πραγµατικό σεισµό ή από ένα σενάριο 
σεισµού, συνυπολογίζοντας µε τον τρόπο αυτόν και την επιρροή της τοπικής γεωλογί-
ας στη διαµόρφωση της σεισµικής κίνησης. ∆υο είναι οι βασικοί στόχοι του έργου: α) 
η ταξινόµηση των εδαφών και συσχέτισή τους µε τις ταχύτητες των εγκαρσίων κυµά-
των για την Ελλάδα έτσι ώστε να είναι ευχερέστερος ο χαρακτηρισµός των εδαφικών 
συνθηκών σε κάθε περιοχή και β) η καλύτερη χωρική αποτίµηση των σεισµικών εδα-
φικών κινήσεων από έναν πραγµατικό σεισµό ή η πρόβλεψη αυτών από ένα σενάριο 
σεισµού, αφού ο παράγοντας της ενίσχυσης λόγω εδαφικών συνθηκών, θα έχει αξιό-
πιστα συνυπολογιστεί.  
Λέξεις κλειδιά: τεκμηρίωση εδαφικών συνθηκών, επιφανειακή γεωλογία, σεισμική 
εδαφική κίνηση, Vs30. 
 
1. Introduction  
Consideration of site conditions is a vital step in analyzing and predicting earthquake ground mo-
tion in order to estimate structural failure in urban areas endangered by large or even moderate 
magnitude earthquakes. It is well known from historical reports and post-earthquake reconnais-
sance field surveys that damage is usually greater at sites lying on soils than on rocks. Characteris-
tic examples of site amplification is the 1985 Michoacán earthquake (Mexico) that induced severe 
structural damage to 10 and 20-stories buildings in Mexico City, at an epicentral distance of more 
than 400km and the 1989 Loma Prieta earthquake that caused serious damage to structures built on 
non-engineered fill materials at the marina district of San Francisco and at the city of Oakland 
where structures were built on alluvial deposits (Wills et al., 2000).   
The outcome of numerous studies regarding the factors that play an important role to site amplifi-
cation is that soils modify seismic waves in at least three ways: generating reflected, refracted 
and/or diffracted waves at velocity discontinuities (Olsen and Archuleta, 1996), scattering the in-
coming wave as it encounters inhomogeneity within the soil (Zeng, 1993) and increasing the am-
plitude of the incoming wave in soils that are less tightly packed (Joyner and Boore, 1988; 
Borcherdt, 1994). 
A widely used method for assessing site amplification is based on the evaluation of shear-wave 
velocity in the shallow subsurface. In particular, Borcherdt et al. (1991) showed that the shear 
wave velocity averaged over the upper 30m (Vs30) can be correlated to the amplification of ground 
motions. The evaluation of the Vs30 can be achieved using the equation: 








where hi is the thickness of the ith layer in the upper 30m of the soil column and Vi the shear-wave 
velocity within it. 
The importance of site amplification has been recognized and prompted strong efforts to map site 
conditions at regional scales (Holzer et al., 2005). Such maps are useful both for code applications 
and input to earthquake loss models.  
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Initially, Joyner et al. (1981) proposed that the velocity to a depth equal to one quarter wavelength 
of the period of interest could represent the site conditions. They used quaternary mapping units 
and assigned a mean shear-wave velocity to each geological unit within the studied area. A few 
years later, Borcherdt et al. (1991) proposed a map that grouped the geologic units in San Francis-
co into four shear-wave velocity classes. Similar methodology was used by Park and Elrick (1998) 
in order to classify the geological units in southern California. The outcome of their study is the 
grouping of geological units into eight units with similar Vs30 values. 
At the same period, the classification suggested by National Earthquake Hazards Reduction Pro-
gram was incorporated in the building code in the United States of America (Building Seismic 
Safety Council - BSSC, 1995; 2001). This classification grouped soil and rock units into five cate-
gories (Table 1) based on the Vs30 values of Dobry et al. (2000).  
Table 1 - Classification of sites adopted by the Building Seismic Safety Council of U.S.A (BSS
C, 2001). 
Site class Vs30 (m/sec) Geotechnical description 
 
Α >1500 Hard rock 
B 760≤VS30≤1500 rock 
C 360≤VS30≤760 Very dense soil and soft rock 
D 180≤VS30≤360 Stiff soil 
Ε <180 Soft soil 
 
During the last decade, mapping of site conditions generally follows this model and the proposed 
classifications of geological units are based on the shear-wave velocity on the upper 30m. Wills et 
al. (2000) attempted to group geological formations according to Vs30 in seven classes. In particu-
lar, they grouped geological units of similar age and properties and then assigned them to shear 
wave velocities groups (Wills et al., 2000). 
Wills and Clahan (2006) developed a map of geological units that can be distinguished by their 
shear-wave velocity. In order to develop this map, they used data regarding the age as well as the 




Figure 1 - Preliminary site-conditions map of California (Wills et al., 2000) and geological    
map based on shear-wave velocities categories on the right (Wills and Clahan, 2006). 
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Furthermore, Holzer et al. (2005) investigated the correlation of Vs30-geology by taking into ac-
count the impact of the thickness of shallow geologic units and local measurements of Vs. They 
developed a map on 1:24.000 scale, based on in-situ SCPT data. 
Recently, both Eurocode8 (EC8, CEN 2004) in Europe and the International Building Code (ICC, 
2012) in USA adopted the same basic principles and approaches regarding soil classification (Pit-
ilakis et al., 2012). In particular, the Vs30 parameter is used in EC8 along with NSPT blow count, 
plasticity index (PI) and un-drained shear strength, Cu to define five soil types (A–E), while two 
extra special ground types (S1 and S2) are also proposed for soils that special attention should be 
paid (liquefaction, etc). 
The aim of this project is to develop a classification of surficial geological units based on their 
geophysical and geomorphological characteristics that could be used for the development of sim-
plified maps to be used by practitioners and for the estimation of the ground motions triggered by 
an earthquake.   












A Rock or other rock-like geological            
formation, including at most 5 m of weake
r material at the surface 
>800   
B Deposits of very dense sand, gravel, or     
very stiff clay, at least several tens of       
meters in thickness, characterized by a     
gradual increase of mechanical properties 
with     depth 
360–800 >50 >250 
 
C Deep deposits of dense or medium-dense  
  sand, gravel or stiff clay with thickness   
from several tens to many hundreds of    
meters 
180–360 15–50 70–250 
 
D Deposits of loose-to-medium cohesionless
 soil (with or without some soft cohesive   
layers), or of predominantly soft-to-firm   
cohesive soil 
<180 <15 <70 
 
E A soil profile consisting of a surface         
alluvium layer with Vs values of type C or
 D and thickness varying between about 5 
m and 20 m, underlain by stiffer material 
with Vs >800 m/s 
   
S1 Deposits consisting, or containing a layer 
at least 10 m thick, of soft clays/silts with 
a high plasticity index (PI>40) and high  
water content 
<100  10-20 
S2 Deposits of liquefiable soils, of sensitive  
clays, or any other soil profile not include
d in types A–E or S1 
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2. Structure of the Project 
Recently reported earthquake-induced failures in Italy and Greece confirmed that the scale of 
structural damage depends on site conditions. In particular, the 1986 Kalamata and 1999 Athens 
events, regarding Greek territory, showed that one of the basic parameters influencing the severity 
of structural failures is the spatial distribution of alluvial deposits.  
Taking into account the fact that the spatial distribution of sediments and particularly the alluvial 
ones is a basic factor for the amplification of seismic ground motion, it can be assumed that it is 
crucial to map and classify the quaternary geological units. This classification can be achieved by 
correlating the value of the shear-wave velocity on the upper 30m (Vs30) with the type of deposits. 
Thus, this project aims to provide a useful tool for the evaluation of site effects by establishing a 
relationship and proposing a relevant classification between geological formation of the Greek 
area and Vs30. This classification could be used by urban planners and decision makers for design-
ing the extension of urban areas or in near real time seismological applications for seismic hazard 
and seismic impact assessment. In order to achieve this goal, the spatial distribution of quaternary 
deposits is going to be examined in conjunction with their physical and mechanical properties fol-
lowing widely-used methodologies for evaluating seismic ground motion. The main tasks of our 
project are outlined below: 
 Initially, the geological units will be grouped using criteria related to the depositional 
process, material, age and physical properties. 
 Afterwards, by taking into account published classifications and data provided by in-situ 
tests, shear-wave velocity values will be assigned to each group of geological units 
 One of the most important tasks of the project is the geological field reconnaissance of 
suitable sites for field testing using SCPT seismic cone. These tests will be performed at 
sites specifically selected for their geological structure: formations would be homogenous 
or at least with clearly defined stratigraphy based on their granulometry (the classification 
will be the one proposed by the Unified Soil Classification System (USCS; 
http://www.astm.org/), (i.e. coarse grained or unconsolidated and fine grained or 
consolidated). The results of this task are expected to clarify the contacts between 
overlapping geological formations and define the proposed classification of the geological 
formations based on shear wave velocity. The methodology that will be followed is 
described in the following subtasks: 
-Literature review and data extraction concerning homogenous geological formations from 
published 1:50,000 I.G.M.E. geological maps, papers, technical reports, etc.  
-Fieldwork at selected sites for the reconnaissance of the geological structure and the 
characterization of the formations based on their sedimentation facies and age. 
 An additional field task deals with surface geology and structure reconnaissance at sites 
where accelerographs have already been installed and ground motions records are 
available. In this way, the processes and the deposition environment of each formation will 
be clarified and they will be characterized and classified. The field work will consist of 
geological characterization of surface soil and rock formations based on the published 
1:50,000 I.G.M.E. maps, papers, technical reports and field reconnaissance. 
 A task will deal with the collection and evaluation of existing information regarding the 
extent of the geological formations at the selected sites, compilation of geological maps 
and geological profiles showing the structure, stratigraphic position and thickness of each 
formation. The methodology that will be followed for this objective consists of: 
-   Literature review on the surface geology of the selected sites based on the published 
1:50,000 I.G.M.E. maps, papers, technical reports etc. 
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Fieldwork at selected pilot sites in order to define the geological structure and, when 
possible, the basement outcrops. 
-   Characterization of the geological formations based on their depositional environment, 
age and, when possible, their granulometry, in order to comprehend the local geological 
conditions. 
 Finally, having classified the geological units, a task will deal with the application of the 
proposed methodology to selected urban areas. In particular, the cities of Xanthi, Grevena 
and Edessa were selected as pilot areas due to their characteristic topography (Edessa) 
and/or their seismotectonics setting (Xanthi and Grevena). Single station ambient noise 
measurements as well as ambient noise array measurements are currently implemented 
within the aforementioned cities in order to determine selected soil dynamic properties of 
geologic surface layers. Finally, the new soil classification scheme will be 
validated/verified in simulations of recorded strong ground motion at specific points (i.e. 
those of permanently installed accelerographs) and if judged qualified, it will be 
incorporated in a methodology for the computation of shake maps from scenario 
earthquakes.  
3. Accomplished Tasks 
The initial task of this project was the collection of existing geological information and data pro-
vided in literature, maps and geotechnical boreholes concerning the urban areas of Edessa, Xanthi 
and Grevena.  
The outcome of this research is a compilation of a database where data provided by more than 100 
borings are employed (Figure 2). In particular, regarding the urban area of Xanthi, 60 geotechnical 
boreholes with NSPT measurements have been collected. The depth of the boreholes ranges from 
1.9m to 30m, whereas 33% of them were drilled down to 10m. In the area of Grevena, the review 
of published reports and articles resulted to the compilation of a database with 31 geotechnical 
boreholes that were mainly drilled within the city. The depth of the boreholes varied between 2m 
and 20m, while the majority of the information (circa 68%) is provided by boreholes of depth from 
10m to 15m. Finally, regarding the third pilot area (city of Edessa), data provided by 22 geotech-
nical boreholes in the city of Edessa were collected. Most of them were drilled before the 90’s, 
during the construction of state buildings and their depth varies from 8 to 28m.  
 
Figure 2 - Comparative presentation of the amount of borehole data collected for each of the 
three pilot areas (Xanthi, Grevena, and Edessa) as a percentage of the entire database that 
was created for the pilot studies. 
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The collected data are organised in an excel database, where all basic information is presented in 
25 columns (Figure 3). In particular, borehole ID, its location (coordinates), depth and water table 
level are employed in the first 6 columns followed by information on the upper and lower level of 
the geological units (per layer) and a relevant brief geological-geotechnical description based on 
NSPT values and Atterberg limits (Liquid limit and Plasticity index) of the soil units. In addition, 
data provided by laboratory tests (e.g. grain size analysis) are also employed and used for the 
classification of the geological units according to USCS. Finally, 6 fields are used to include 
information regarding the recorded shear wave velocity Vs per unit, the average value of Vs on the 
upper 30m and the relevant classification based on Eurocode 8. 
 
Figure 3 - Part of the excel database designed and created to include all information 
necessary to proceed to the soil classification in Greece. 
The single station ambient noise measurements were given priority for the city of Xanthi where 
detailed geological/geotechnical information is available. As a passive geophysical method it 
requires a preliminary stage of carefully selected sites before a dense mesh of measurements is 
accomplished throughout the city. For this purpose, two measurements were performed at the 
accelerograph stations and six in selected sites based on available geological maps. Each 
measurement had duration of 30 minutes and sensor's coupling was ground. Following the 
SESAME guidelines instructions (SESAME Project, 2004) the H/V spectral ratio method was 
calculated in order to define fundamental frequency and its corresponding amplification due to 
surface geologic layers.  
Results of the analysis are shown in Figure 4. It is observed that a systematic “bump” of the H/V 
curve is apparent for frequencies less than 1.5Hz. Almost all sites do not show a clear H/V 
fundamental peak but rather a broad one between 0.4Hz to 1.Hz. However, for the site 027 a clear 
fundamental frequency peak is apparent around 0.25Hz. Taking into account the preliminary 
results of the H/V spectral ratio together with all available geological and geotechnical information 
for the city of Xanthi, a dense mesh of ambient noise measurements is going to be implemented. 
Based on the H/V zonation of the city as well as on available geological information, ambient 
noise array for a few sites will be also performed in order to define Vsz shear wave velocity values 
as a function of depth z, at least for the upper 30 meters. 
4. Results - Discussion 
Although the "Thales" project is still in its beginning, we have managed to accomplish several 
important tasks i.e. the collection of geotechnical borehole data for the three pilot areas (Xanthi, 
Edessa and Grevena) and most importantly the design and implementation of a database that will 
host this data. This database is continuously growing with the addition of relevant geotechnical 
information from boreholes throughout the Greek mainland. Apart from the expected scientific 
results of the project, the database itself is a major deliverable to the scientific community. 
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Figure 4 - H/V spectral ratio in selected sites of Xanthi, based on single station ambient noise 
measurements. 
At present, the "Thales" project on site classification in Greece continues with the geological re-
connaissance surveys at selected sites and field measurements to augment our geotechnical data-
base and improve our knowledge on the relation between data at hand and surface geology.   
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